Main Text
The prevalence of asthma and rhinitis is on the increase and these conditions are frequently associated, thus leading to the concept that these two conditions are different aspects of the same disease: "one airway, one disease" [2] . Most of patients with allergic (80%) and non-allergic asthma (75%) have concomitant rhinitis, while, approximately 34% of patients with allergic rhinitis and 25% of patients with non-allergic have concomitant asthma [2, 3] . Although upper and lower airway diseases commonly occur together, clinicians have yet to determine the exact nature of the association between these two chronic conditions and to test the hypothesis that treating rhinitis reduces health care utilization for co-morbid asthma [4] .
In the present study, we used FeNO and nasal cytology to investigate upper and lower airway inflammation and the clinical benefits of nasal treatment in children with asthma.
Methods and Study Population Study population
A total of 84 patients, 4-17 years of age, 53 males and 31 females, coming from the allergology outpatient "Filippo del Ponte", were clinically examined from 1 November 2013 to 31 July 2014. All participants were interviewed about respiratory symptoms thanks to ACT (Asthma Control Test) or C-ACT (Childhood-Asthma Control Test) and SNOT (Sino-Nasal Outcome Test); lung function and airway inflammation were measured using HyPAIR FeNO and nasal cytology in children free of treatment (systemic antihistamine and/or nasal steroids) for at least 10 days' time.
Furthermore the allergic sensitization to common aeroallergens (birch, core, olive tree, grasses, ragweed, parietaria, dog, cat, house dust mite: DPP and DPF 1 , mould: alternaria) and foods (cow lactalbumin, cow casein, egg white and yolk, peanuts) was evaluated by skin prick-test and used to classify patients in two groups: allergic (72, 47 males and 25 females) and non-allergic (12, 6 males and 6 females). Histamine hydrochloride, 10 mg/mL, and phenolated glycerol-saline served as positive and negative controls. The reaction was regarded as positive if the mean wheal diameter was at least 3 mm greater than negative control [5] .
Abstract
Background: An increasing proportion of patients have coexisting upper and lower airway disease. Therefore, the historic perspective of these allergen-induced disorders as distinct and separate entities is being displaced by current thinking that they are better described as a continuum of inflammation involving one common airway [1] .
Objectives: The aim of this study was to investigate the role that upper airway inflammation and therapy plays on lower airway situation.
Methods:
This study was performed on 84 children, aged 4 to 17 years, with asthma with/without rhinitis. Skin prick-test, FeNO (fractional exhaled nitric oxide) and nasal cytology were analyzed in all patients; upper and lower airways symptomatology was assessed by ACT or C-ACT (Asthma Control Test; Childhood Asthma Control Test) and SNOT (Sino Nasal Outcome Test) questionnaires [Appendix A].
To examine the direct effect of rhinitis therapy on lower airway inflammation, all these tests were performed before and after treatment with oral antihistamines and nasal steroids (Fluticasone).
Results:
The study group consisted of 84 children, 72 allergic and 12 non-allergic patients; 26 children with asthma and 58 children with asthma and rhinitis. FeNO was higher in subjects with asthma and rhinitis than in asthmatic patients without rhinitis. In all subjects, atopic sensitization and nasal eosinophilia were associated with elevated FeNO levels. Nasal corticosteroids improved severity of rhinitis and asthma symptoms and insignificantly reduced FeNO and upper airway inflammation.
Conclusions: Asthma and rhinitis are different manifestations of a common pathogenic phenomenon; therefore treatments for one condition could potentially alleviate the coexisting disease.
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Asthma, Eosinophilic airway inflammation, FeNO, Nasal steroids, Nasal cytology, Rhinitis In a second phase, patients were assigned into one of the 4 therapy groups (ongoing therapy due to subject's diseases): leukotriene antagonists, inhaled corticosteroids, leukotriene antagonists and inhaled corticosteroids, no therapy.
In the final phase, considering the sensitization to different allergens as well, each of the participants in the 4 groups was randomly assigned into one of two study arms, including nasal saline or nasal steroids group.
FeNO:
FeNO is recognized as a reliable surrogate marker of airway inflammation and offers the advantage of being completely non-invasive and very easy to obtain [6] .
According to the study by Buchvald et al. [7] we report that the upper normal level (no airway inflammation) of FeNO in children from 4 to 17 years ranges from 15 ppb (parts per billion) in the young children to 25 ppb in adolescents; FeNO was higher in patients with airway inflammation.
FeNO was measured by using the online single breath method with HyPAIR FeNO according to ERS/ATS guidelines.
The subject seated comfortably and with the nose clip, inserted the mouthpiece and inhaled NO-free air to total lung capacity over a period of 2 to 3 seconds through the mouthpiece of the instrument. The subject then started exhalation with a flow rate of 50 ml/sec. Children younger than 10 years performed a 6-second exhalation, and FeNO was calculated during the last 2 seconds of the exhalation. Children ≥ 10 years performed an exhalation of 10 seconds, and FeNO was calculated during the last 3 seconds of the exhalation. FeNO values were recorded if the reliability index was higer than 60%. Each subject performed no more than a total of 6 exhalations. The interval between exhalations was at least 30 seconds. FeNO was calculated as the mean of 3 correct exhalations. All measurements were performed in parts per billion (ppb) [8, 9] . Nasal cytology: Nasal cytology represents a valid method in the diagnosis of nasal inflammation as it is easy to perform, non-invasive, and able to detect both the cellular modification of the nasal epithelium caused by either allergen exposure or irritative stimuli or inflammation. Such a consideration suggests the quality of a systemic use of nasal cytology in the diagnostic work-up of upper and lower airways disorders, in order to reach a proper defined diagnosis and to study the airway inflammation: the diagnosis of nasal disorders through nasal cytology is based on the consideration that, in healthy subjects, the nasal mucosa is composed of 4 normal subsets of cells, which commonly characterize the pseudo-stratified epithelium; besides neutrophils, no other cells are detected in healthy individuals. Therefore, on a rhinocytogram, the presence of eosinophils, mast cells, bacteria, spores and fungi has to be considered as a clear sign of nasal pathology.
In our study, nasal cytology was assessed in all patients, free of treatment (systemic antihistamine and/or nasal steroids) for at least 10 days' time, using these following steps:
• Sampling and processing: scraping the middle portion of the inferior turbinate by using Rhino-probe; placed the material on a glass slide, fixed by air drying and stained by MayGrünwald-Giemsa method.
• observation through a light microscopy able to magnify up to 1000x
For the rhinocytogram analysis, the slide, divided into 10 microscopic fields, have to be read in order to detect eosinophils, mast cells, neutrophils, bacteria, spores and calculate their percentages comparing to the number of total leukocytes (Table 1) .
Statistical analysis:
Frequencies were calculated for the entire study group and differences were assessed by chi-squared tests for categorical data and by t-tests for normally distributed data. Logistic regression analysis with backward elimination was performed with FeNO as the dependent variable. Demographics variable (age, sex and BMI), concurrent rhinitis, exposure to allergens and medication taken within the last 4 weeks (inhaled corticosteroids and leukotriene antagonists) were included as independent variables in the model [10, 11] . A P-value < 0.05 was considered to be statistically significant.
Results
According to the clinician diagnosis, 58 of children were affected by asthma and rhinitis (53 allergic patients and 5 non-allergic patients), 26 of children by asthma (19 allergic subjects and 7 nonallergic subjects).
Among asthmatic patients, 16% of subject was monoallergic (33% female and 67% male), while 84% was polyallergic (19% female and 81% male).
Among children with asthma and rhinitis, 8% of patient was monoallergic (25% female and 75% male), while 92% was polyallergic (41% female and 59% male) ( Table 2 ). treatment. The same result was recorded in 24% of allergic and 40% of non-allergic subjects treated with saline (Table 3a  and Table 3b ).
• In 20% of allergic children and 33% of non-allergic children treated with Fluticasone, nasal inflammation was higher than before therapy. The same result was obtained in 64% of allergic and 60% of non-allergic children treated with saline (Table 3a and Table 3b ).
FeNO and nasal cytology before treatment
In general, patients with eosinophils, with or without mast cells, had higher FeNO levels compared with other patients (Figure 1a ). In subgroup with eosinophils, FeNO levels (ppb) were associated with the increase of nasal inflammation (Figure 1b) .
Nasal cytology before and after treatment
To examine the direct effect of rhinitis therapy on upper airway inflammation, nasal cytology was performed before and after treatment in 2 groups of patients: one (34 subjects) treated with topical nasal saline and the other one (36 subjects) with topical nasal steroids (Fluticasone).
• In 70% of allergic children and 67% of non-allergic children treated with Fluticasone, nasal inflammation was absent or lower than before therapy. The same result was obtained in 12% of allergic children treated with saline (Table 3a and  Table 3b ).
• 10% of allergic subjects treated with nasal steroids showed no differences in upper airway inflammation before and after Table 3b : Nasal cytology before and after treatment with nasal saline (NaCl 0, 9%). 
FeNO and nasal cytology after treatment
Questionnaires ACT (C-ACT) and SNOT-20 were used for determining the presence and severity of upper and lower airway disorders. Each subject completed the questionnaires before and after nasal treatment.
Our results (Table 4a and Table 4b ) indicated that nasal steroid caused a higher level of improvement than nasal saline:
• Nasal steroid→87% and 77% of patients showed an improvement in asthma and rhinitis total symptom score of baseline, pre-medical treatment values.
• Nasal saline→42% and 40% of patients showed an improvement in asthma and rhinitis total symptom score of baseline
Rhinitis and the quality of life
In our analysis, it was apparent that clinical diagnosis of rhinitis and "rhinitis" scores on the survey were not associated. 
SNOT-20:

Discussion
Epidemiological evidence consistently demonstrates the frequent coexistence of asthma and rhinitis in the same patients, thus leading to the concept that these two conditions are different aspects of the same disease (United Airway [6] ). Rhinitis is present in the majority of patients with asthma (74% of patients with allergic asthma and 42% of patients with non-allergic asthma), and a significant minority (20-50%) of patients with rhinitis have concomitant asthma [2, 3, 6] .
This consideration relates to important implications in the clinical management of these diseases: patients with rhinitis should be evaluated for a possible concomitant asthma; conversely, it is necessary to assess the presence of asthma in patients with nasal disease [12] . Even though this connection seems clear, upper airway symptoms are often under diagnosed. According to this statement, in our study, 69% of asthmatic children with concomitant rhinitis didn't receive a correct diagnosis and medications treating nasal diseases. In these asthmatic patients, "occult" (clinically unrecognized) rhinitis was associated with a worse respiratory involvement and therefore worse healthcare costs and quality of life.
We investigated the impact of rhinitis on asthma in airway inflammation and FeNO levels in patients with rhinitis of different etiology (allergic versus non-allergic), as well as the influencing factors. We also evaluated whether improved control of upper airway in a child with asthma also means improving lower airway symptoms and inflammation [13] [14] [15] .
Generally, FeNO was higher in children with both asthma and rhinitis than in asthmatic patients without rhinitis; in all subjects, atopic sensitization appeared to be an important cause of elevated FeNO levels ( Figure 3 ).
It is hypothesized that the local immune response to the allergen leads to the recruitment of eosinophils [16] , which may induce NOsynthase in bronchial epithelial cells. Among patients with rhinitis, FeNO was higher in children with eosinophils, with or without mast cells, than other patients (Figure 1a and Figure 2a ). In subgroup with eosinophils, the increase of FeNO was associated with the increase of nasal inflammation (Figure1b and Figure 2b ).
Elevated levels of eNO are thought to result from increased expression and activity of inducible form of nitric oxide synthase in airway epithelial and inflammatory cells. These findings suggest that eNO provides information about the degree of eosinophilic airway inflammation and that the correlations between eNO and pulmonary function test characteristics are probably caused by the impact of eosinophils on pulmonary functions [17] .
Measurement of FeNO in this group of patients may be helpful in identifying those with ongoing airway eosinophilia that is a hallmark of bronchial asthma [18] .
Consistent with the observation that corticosteroids inhibit the expression of inducible NOS (iNOS) in epithelial cells, [19] we aimed to demonstrate that nasal steroids are effective not only in controlling upper airway inflammation, but also in lower airway inflammation.
According to ACT and SNOT20, 88% and 77% of patients treated with nasal steroid showed an improvement in asthma and rhinitis total symptom score of baseline; nasal saline irrigation caused the same result in 42% and 40% of subjects (Table 4a and Table 4b ).
At the same time, treatment of patients with nasal steroids leads to a fall in airway eosinophilia measured by nasal cytology and FeNO.
The comparison of NO exhalation and nasal cytology before and after saline irrigation or Fluticasone application suggests that the decrease in upper airway inflammation is associated with the decrease in lower airway inflammation (Figure 1a, Figure 1b , Figure 2a and Figure 2b ).
The correlation was more pronounced after nasal steroids treatment (in all patient groups, nasal steroids caused an higher reduction in FeNO levels than nasal saline, but with no statistical significance), therefore it remains unclear whether, in this group of children, the occasional increase of exhaled NO and nasal inflammation was due to incorrect execution of therapy.
These results should be interpreted in context and are subject to limitations.
It is still possible that this study includes individuals who were taking medications for rhinitis without our prescription. Another limitation that should be considered is the possibility that those who were prescribed nasal steroid were different from those who were treated with saline, in ways that could not be observed in claims data. These unobserved differences may be explanatory factors associated with differences in the degree of airway inflammation. In conclusion, the distribution of different subpopulations (72 allergic children vs. 12 non allergic children - Table 1) is not homogeneous concerning the number of patients [5] .
Conclusions
In summary, this study provides evidence of a relationship between upper and lower airway inflammation, therefore, a rigorous treatment of comorbid factors of asthma, such as rhinitis, could result in less asthma exacerbations, which will greatly improve the quality Although it is not known whether this inflammation leads to irreversible airway remodelling, it seems reasonable, approaching an asthmatic child, to evaluate the possible nasal involvement.
FeNO and nasal cytology are easy-to-perform and helpful in identifying patients with [18] a "subclinical" inflammation that may need a closer follow-up and, possibly, anti-inflammatory medications [19] .
Key Messages
1. Asthma and rhinitis are different manifestations of a common pathogenic phenomenon involving one airway, therefore treatments for one condition could potentially alleviate the coexisting disease.
2.
We used FeNO and nasal cytology to investigate upper and lower airway inflammation and the clinical benefits of nasal treatment in children with asthma.
3. Nasal steroids leads to a fall in airway eosinophilia measured by nasal cytology and FeNO: the decrease in upper airway inflammation is associated with the decrease in lower airway inflammation
Capsule Summary
According to the renewed interest in the role that upper airway plays as biomarker of lower airway inflammation, in this study we investigate the role that rhinitis inflammation and therapy plays on lower airway situation.
